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Brief Description of the Drawings 

Fig. 1 is a side view of a conventional secondary electron 
multiplier; Fig. 2 is an explanatory diagram of the operation thereof; 
Fig. 3 is a side view of one embodiment of the secondary electron 
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multiplier of the present invention; and Fig. 4 is an explanatory 
diagram of the operation thereof. 
Detailed Description of the Invention 

The present invention relates to an improved continuous dynode 
secondary electron multiplier. Conventional continuous dynode 
secondary electron multipliers are referred to as channel-type 
secondary electron multipliers and comprise parallel flat plate or pipe- 
shaped high resistive secondary electron emissive surfaces. 

First, the constitution and operation of a conventional channel- 
type secondary electron multiplier will be described. The symbol 1 in 
Fig. 1 denotes a channel substrate configured fi-pm, for example, a 
glass-ceramic insulated pipe or parallel flat plate of which the interior 
surface is coated with a high resistive secondary electron emissive 
material 2. 

The symbol 3 denotes a direct-current power source connected 
to both ends of the secondary electron emissive material 2 for 
producing an electric field that accelerates emitted secondary 
electrons in the axial direction of the pipe or parallel flat plate 1 . The 
symbol 4 denotes a collector for collecting the multiplied secondary 
electrons, a power source 5 for producing an electric field that guides 
the emitted electrons into the collector 4 being cormected between the 
collector 4 and the output end of the secondary electron emissive 
material 2. Thereupon, when a primary electron 6 is caused to fall 
incident upon the input end-side thereof, the primary electron 6 
collides with the secondary electron emissive surface on the interior 
surface of the pipe or parallel flat plate 1 resulting in the generation of 
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a secondary electron 7, and this secondary electron 7, while being 
accelerated by the axial direction electric field in a parabolic path, 
collides again with the secondary electron emissive surface resulting 
in the emission therefrom of another secondary electron whereupon, 
thereafter, with this collision and emission being repeated, secondary 
electrons 8 are multiplied in a cascading formation and collected in 
the collector 4. 

Assuming that in this case the channel is configured from two 
opposing parallel flat plate secondary electron multiplier surfaces, the 
upper and lower plates are connected to each other at the two ends 
thereof and an acceleration voltage is imparted to generate a uniform 
electric field in the axial direction between the left and right ends. A 
multiplier axial direction acceleration electric field created by 
equipotential lines perpendicular to the plate surfaces as indicated by 
the dotted line 9 of Fig. 2 exists in the interval between the upper and 
lower plates and, as is shown, this, electric field accelerates the 
secondary electron 7 generated by the primary incident electron 6 in a 
parabolic trajectory causing it to collide with the opposing surface 
which results in the emission therefrom of a subsequent secondary 
electron 71 in a parabolic trajectory which then collides again with the 
opposing surface resulting in the emission of a subsequent secondary 
electron 72, and so on. In this case, the equipotential surface that 
accelerates the secondary electrons is perpendicular to the direction in 
which the secondary electrons are multiplied, the secondary electrons 
describe a parabolic trajectory in the interval between the parallel 
plates as shown in Fig. 2, and the number of collisions on the 
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secondary electron emissive surface is proportional to the ratio of the 
length of the secondary electron emissive surface in the axial direction 
of the tube to the distance of the interval between the plates. 
Accordingly, in order to produce high gain, the value of this ratio 
5 must be increased, the equipotential surface must be uniformly 

perpendicularly aligned with the tube axis, or the axial length of the 
tube must be increased. 

Different to a conventional tube configured from two parallel 
flat plate secondary electron multiplying surfaces as described above, 

10 the present invention compirises a single secondary electron multiplier 

surface configuration that affords increased gain. An embodiment of 
the present invention is hereinafter described. A substrate 1 of Fig. 3 
configured from a glass or ceramic describes an undulating sawtooth 
shape as shown in the drawing in which a secondary electron emissive 

1 5 surface 211 provided on a surface on which a low resistive metal thin 

film 21 serves as a substrate (on the long inclined surfaces) and a high 
resistive material 22 (on the short inclined surfaces) are separately 
provided by deposition or some other method and, as a whole, are 
altemately cormected in series. A power source 3 for producing an 

20 electric field that accelerates the generated secondary electrons 

connects to the two ends of the series of connections between the high 
resistive surfaces and secondary electron emissive surfaces. Here, a 
laterally incident primary electron 6 collides with a first secondary 
electron emissive surface resulting in the emission of a secondary 

25 electron 7, this collides with a subsequent stage secondary electron 

emissive surface resulting in the emission of subsequent stage 
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secondary electron 71, and the process of secondary electron 
multiplication in which the electrons collide with subsequent stage 
emissive surfaces resulting in the emission of secondary electrons 72, 
and then 73, and so on continues. The movement trajectory of an 
emitted secondary electron from one secondary electron emissive 
surface 211 to a subsequent stage secondary electron emissive surface 
is shown in the type diagram of Fig. 4. The symbol 211 denotes a thin 
layer of a secondary electron emissive material provided on a surface 
on which a low resistive metal thin film 21 serves as a substrate, for 
example, an MgO or Kcl or other high secondary electron emitting 
material, while the wavy line denotes a potential-dividing high 
resistive surface 22 for imparting the appropriate collision potential to 
each secondary electron emissive surface 211 stage and producing, in 
the vicinity of this surface, an electric field that guides the emitted 
secondary electrons properly to the subsequent stage secondary 
electron emissive surface. The substrates 21 of the secondary electron 
emissive surface 211 and the high resistive surfaces 22 are connected 
one after the other successively in series and, as shown in Fig. 4, when 
a voltage is imparted by the power source 3 to both ends of these 
series of high resistive connections, an equipotential surface of the 
shape shown by the broken line 9 in the drawing is produced in the 
vicinity of the surface of the secondary electron emissive surface. As 
shown in the drawing, under the electric-potential distribution or 
electric field conditions created by this equipotential surface 9, the 
secondary electron 7 emitted from the secondary electron emissive 
material 211 of the secondary electron emissive surface describes a 
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parabolic trajectory with respect to the incident primary electron 6 and 
collides with the subsequent stage secondary electron emissive surface 
resulting in the emission of a subsequent secondary electron 71 which, 
moving in a similar trajectory, impinges upon the subsequent stage 
secondary electron emissive surface. Secondary electron 
multiplication is sequentially performed in this way. 

In the present invention, in which the interior surface of a single 
flat plate is formed in a waveform shape on which secondary electron 
emissive surfaces and potential-dividing high resistive surfaces are 
altemately arranged in series, the generated secondary electrons are 
successively guided to subsequent stage secondary electron emissive 
surfaces by the waveform surface shape and the electric potential 
distribution in the vicinity of the secondary electron emissive surfaces 
that form a potential-dividing electric potential in the potential- 
dividing high resistive surfaces and, as a result, the drawbacks of the 
parallel flat plate channel-type secondary electron multipliers as 
described above that include, in addition to the constant expansion of 
the trajectory of the secondary electrons because the electric potential 
distribution is perpendicular to the tube axis and the irregularity in 
gain that is produced if the acceleration electric potential distribution 
is not perpendicular or is not uniform, the need to increase the ratio of 
the length of the tube axis with respect to the plate interval dimension 
and the need for a high voltage, are obviated. In addition, the 
secondary electron emissive surfaces and potential-dividing high 
resistive surfaces are provided on the waveform surface of the present 
invention in opposing directions so that, using a vacuum deposition 
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method, the desired configuration can be easily obtained by the 
deposition of a metal and secondary electron emissive material from 
one direction and the deposition of a high resistive material from the 
other direction. Because of the electric field component in the 
5 direction perpendicular to the secondary electron emissive surfaces in 

the secondary electron multiplier of the configuration of the present 
invention, effective gain is able to be produced with tubes of shorter 
axial length and at lower acceleration voltages than that which has 
been hitherto possible with conventional parallel flat surface channel- 
10 type secondary electron multipliers. 

(57) Scope of Claim 

1 . A channel-type secondary electron multiplier, characterized by 
comprising a support body having an interior surface of which the 

15 cross-section along the tube axis is sawtooth, wherein a low resistive 

thin film layer with a second electron emissive layer provided on the 
surface thereof is provided on the surface out of the interior surfaces 
that opposes the direction of incidence of an electron beam, and a high 
resistive thin film layer is provided on the other surface, these two- 

20 layered bodies connected altemately in series being connected to a 

direct-current power source. 
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